Frequency of Interspecific Crossing Utilizing Cytoplasmic Male Sterile Lines of Sorghum Vulgare Exposed to Pollen from Sorghum Halepense by Wilhite, J. Ronald
FREQUENCY OF INTERSPECIFIC CROSSING.UTILIZING CYTOPLASMIC 
MALE STERILE LINES OF SORGHUM VULGARE EXPOSED TO 
POLLEN FROM SORGHUM HALEPENSE 
By 
J. RONALD WILHITE 
H 
Bachelor of Science 
Oklahoma State University 
Stillwater, Oklahoma 
1958 
Submitted to the faculty of the Graduate School of 
Oklahoma State University in pa.rtial fulfillment 
of the requirements for the degree of 
MASTER OF SCIENCE 
May, 1960 
OKLAHOMA 
STATE UN!VERSITif 
LIBRARY 
SEP 2 1960 
FREQUENCY OF INTERSPECIFIC CROSSING UTILIZING CYTOPLASMIC 
MALE STERILE LINES OF SORGHUM VULGARE EXPOSED TO 
POLLEN FROM SORGHUM HALEPENSE 
Thesis Approved: 
~t.7V~ 
Thesis Adviser 
Dean of . the Graduate School 
ii 
452889 
ACKNOWLEDGEJ\IIENTS 
The author wishes to express his sincere appreciation 
to Dr. Dale E. Weibel and Professor Frank F. Davies for their 
guidance during the course of this study and in the prepar-
ation of the thesis. The author would also like to thank 
the other members of the advisory committee, Dr. Billy B. 
Tucker, Dr. Robert D. Morrison, and Dr. James S. Brooks for 
their valuable assistance throughout the study. Grateful 
appreciation is also expressed to Dr. Margaret Brooks for 
her assistance and encouragement. 
Grateful acknowledgement is extended to the Agronomy 
Department of Oklahoma State University for the use of its 
facilities; also to the author's wife, Virginia, for her 
encouragement and help in typing the manuscript, and to all 
others who had a part in making this study possible. 
jii 
TABLE OF CONTENTS 
INTRODUCTION •••..••.. 
·········••111•~··············~···· 
REVIEW OF LITERATURE •• • e • • • e • e • • • e • e O e • 9 0 0 • • e • • 9 0 e • e e 0 
MATERIALS AND METHODS •• • • • • • e • e • • e • e O • e e e • • 0 0 • e e • 0 0 • 0 0 
RESULTS AND DISCUSSION. e e • e • • e • • e e • • • • • 0 0 e • • • e • e • • 0 0 e 9 
SUMMARY •••....•.. • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 0 • 
LITERATURE CITED. 0 • 0 • e e e e • • e e • e • • • e e • • e O • e O O • • • • e e • e • • 
iv 
Page 
1 
3 
9 
14, 
27 
29 
LIST OF TABLES 
Table Page 
I. Total seed obtained per treatment·for each 
male sterile line............................ 15 
II. Total seed obtained per replication for each 
male sterile line............................ 15 
III. A summary of morphological characteristi.cs 
of 98 F1 plants.............................. 17 
IV. Total number of Johnsongrass-type plants 
expected from 4·00 seed obtained.............. 22 
LIST OF FIGURES 
Figure Page 
1. Illustrating the isolation distances of this 
study from other sorghum fields.............. 11 
2. Relative size of F1 hybrid as compared to both 
parent s . . . . . . . . . . . . . . . . . . a • • • • • • • • • 0 0 "' • • 0 • 0 • • 24· 
3. Head development typical of F1 hybrid and its 
parents .... o •••••••• o ••• " ••• o •••••••• o • • • o •• o 2 5 
4. Typical rhizome development of the F1 hybrid... 26 
V 
INTRODlTCTION 
Hybrj. d grain sorghums wj_ th superior y:i.e lding a bi li ties 
are becoming a very important part of the agricultural 
economy jn the United States. With the development of 
cytoplasmic male sterile lines, hybrids are being produced 
that are adapted to specific growing conditions, thus l .. 
increasing production in the less favorable regions of the 
country. With this increasing importance of hybrid grain 
sorghums, many new problems confront the plant breeders. 
One of these problems facing the breeders is the occurance 
of tall, off-type plants in the hybrid grain sorghum fields. 
Plants such as these have been ched;:ed and found to 1nclude 
tall mutants, haploids, tri.ploids, and outcrosses to other 
grai.n sorghum, Sudangrass, and Johnsongrass. Information was 
needed to determine if a serious problem existed with the 
crossing of Johnsongrass and grain sorghum. 
Consi.derable work has been done studying different 
characteri.stics of hybrids of Johnsongrass and grain sorghum, 
but very little work has been done concerning the frequency 
of such crosses. Many workers have expressed the need for 
investi.gations of this nature. From the results of studies 
relating to the nature and characteristics of these hybrids, 
researchers feel that, if the frequency of such interspecific 
crossing is very high, a serious problem can exist both to 
1 
farmers and plant breeders. If a problem does exist, more 
strict regulations will have to be imposed on the producers 
of hybrid seed to maintain purity. 
The primary objective of this research was to test the 
rfflative fr-e,quency of interspecjfic crossing by exposing 
male sterile lines of grain sorghum, (Sorghum vulg~), 
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to Johnsongrass, (Sor.ghum hale2ense), pollen under isolation. 
In addition, gibberellic acid was used on male sterile 
plants in an attempt to obtain seed without pollination. 
LITERATURE REVIEW 
Hadley (10) Ll obtajned 54 Fi hybrids between nine lines 
of Sorghum vulg~ -a_nd six Unes of Sor.ghum halenen.~ and 
observed them for chromosome number, fertility and rhizome 
expression. Evidence obtained showed that the 30-chromosome 
F1 hybrids could become a weed threat by vegetative reproduction, 
and if Johnsongrass was available as a male parent, the hybrids 
could be a source of troublesome seedljngs. The self-fertile 
4·0-chromosome hybrids were so weakly rhizomatous they did 
not constitute a weed threat directly, but could be a source 
of troublesome seedlings. The male-sterile 40-chromosome 
hybrids constituted a problem as a source of troublesome 
seedlings if Johnsongrass was available. 
Hybrids obtained from crosses between§ • .Y,Blg.fil:..§. and 
£• hal~~ are usually highly sterile. Karper and Chis-
holm (14) reported work done on an F1 nybrid -he-tween§. 
yulEare and£• hale~ense that had 30 somatic chromosomes. 
In meiosis of this triploid hybrid, univalent, bivalent, 
and quadrivalent chromosome associations were found. The 
average length of the chromos omE3'S in S • .Y.BlK§ll in prepared 
Ll Figures in parenthesis refer to Literature Cited. 
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root tips was 2.24 microns compared to 1.98 microns for 
.§. halepe~. 
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Although.§. vulgare and.§. halepense hybridize under 
natural conditions, the frequency of such crossing is very 
low. Vinall (22) obtained only 3 seeds in numerous at tempts 
at crossing§. ha.1§..:Q~ with § • .Y.1!lga~. Kar per and Chisholm 
(14) reported only 1 seed out of 386 emasculated f lorets in 
an attemp t to cross§. vulgar e and§. halepense. 
According to Jones and Brown (13), §. halepense sheds 
most of i ts poll en from 10:30 a.m. to 1:30 p.m., whi le the 
peak of pollen s hedding for s . .Y.1!1.g~ is from 4:00 a.m. 
to 10:00 a. m. These periods are greatly i nfluenced by cloud-
iness and reduced temperatures which delay the t i me of 
maximum shedding. 
Successful crosses between various cultivated annual 
sorghums and Johnsongrass were made by Mikhailovskii (21) 
when the sorghums were used as the female parent. Most of 
the hybrids obtained had rhi zomes and grain intermediate 
in size and type. 
Krishnaswamy, et al . (16 ) found there was no irregularity 
in the meiotic divisions in an F1 hybr id from a Johnsongrass-
grain sorghum cross of£• ha lepense (2n=20 ) X £• roxburghii 
(2n=20). The S. ha lepense (2n• 20 ) was obtained from diploid 
shoots i n a norma l tetraploid (2n=40) clump. 
Bennett and Hogg (1) found an F1 §. ha l epense X §. 
vulgare hybrid in a fie l d of sorghum and made a study of 
the F2 and F3 generations. These investigators concluded 
from their preliminary studies that a rather close affinity 
exists between these two species notwithstanding the double 
chromosome numbers of Johnsongrass. 
In their work with Lycopersicon pimpinellifolium, 
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Cooper and Brink (5) stated that seed abortion due to endo-
sperm breakdown is probably the greatest barrier to hybrid-
ization between a diploid and its autotetraploid. These 
investigators pointed out that t he course of seed failure 
associated with matings between the diploid and its auto-
tetraploid is very similar to that found following the inter-
specific cross. 
Hadley and Mahan (11) studied the backcross progeny 
of 70 plants obtained by pollinating a 30-chromosome 
(Blackhull kafir X Johnsongrass) hybrid by Sweet Sudan-
grass, and found the fertility to be generally low and show 
great variation from plant to plant. Self-pollinated seeds 
from plants with segments of Johnsongrass chromosomes, 
particularly plants carrying genes for rhizome formation, 
germi nated poorly and included many chlorophyll aberrants. 
Krishnaswamy (15) reported that a perennial dual-purpose 
tetraploid type ( 2n•40) has been developed tha t is suit-
able for grain and fodder pr oduction. The breeding involved 
twice backcrossing hybrids of§. halepense (2n=40) X So 
dur.!:_g (2n•20) to desynaptic plants of§. durra (2n=20 ) 
as the fema l e parent. 
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There has been considerable discussion concerning 
the origin of§. halepense and the basic number of its 
parents. Longley (19) concluded that§. halepense has been 
derived from annual ancestors having ten chromosomes. 
By cytological observations of pollen mother cells 
from §. vulgare and§. halepense and their F1 hybrids, 
Hadley (9) found that§. halepense behaved more like an 
autopolyploid than a strong allopolyploid and proposed a 
wor king hypothesis that§. halepense arose as a cross be-
tween two 20-chromosome (2n) species whose chromosome com-
plements were similar but not identical. 
Casady and Anderson (3) reported that the mei otic 
chromosome behavior of the F1 progenies of autotetraploid 
Sudangrass X (Johnsongrass X 4n Sudangrass) was typically 
autotetraploid. The regularity of the distribution of the 
chromosomes in the Fi progenies indicated that all the S. 
halepense chromosomes were capable of synapsing withs. 
vulgare chromosomes , and advanced the hypothesis that 
§. halepense is probably an autotetraploid of some variety 
of§. vulg™. 
Endrizzi (7) concluded from his data that£• halepense 
arose as a segmental allopolyploid with only two genomes, 
and that its chromosomal compleme nt now consists predom-
inantly of one genome, which i s similar to that of§. vul~ 
gare. 
Daura's (6) data indicated§. halepense originated 
as a segmental allopolyploid containing two genomes derived 
from§. vulE~ and two genomes derived from some related 
species wi.th chromosomes partly homologous to those of S. 
vulgars. 
From a cytological study of the genus Sorghum, Hus-
kins and Smith (12) observed that in§. halepens~ there 
were most commonly 10-14· bivalents, and the remai.nder of 
7 
the 40 chromosomes were in quadrivalent or higher associat-
ions. Of the diploid forms of Sorghum examined ten bivalents 
were the most commonly formed, but quadrivalent associations 
were also common and sexivalents were found occasionally. 
Considering all their data, these investigators have sug-
gested that the basic number for the genus Sorghum may be 
seven instead of teno 
Garber (8) maintained that it is more probable for the 
basic number to be five, since no multivalents were observed 
in§. vulgare or§. sudanense (nmlO), and no hexivalents 
were found in £0 halepense (n:20)~ but univalents, bivalents, 
trivalents, and tetravalents were found. 
From his investigations, Celarier (4·) concluded that 
.§.o hale12eillU! arose from doubling the chromosomes of a hybrid 
between two 2n=20 specieso He proposed So propinquurn as 
one of the tetraploid parents since it was the only 2n=20 
species definitely known to have rhizomeso 
In 1926 a Formosan phytopathologist~ Kurasawa (17)~ 
discovered gibberellin when he became curious about a fungus 
disease (Gibberella fujikuroi) that affected rice. By 
making sterile culture filtrates of this fungus and spray-
ing it on rice seedlings, he found it produced a tremendous 
overgrowth. However, not until 1956-57 did gibberellins 
attract much attention in the United Stateso Since that 
time many workers (2, 18; 20, 24,) have studied the various 
effects of gibberellins on plants. 
·. • l 
Wittwer, et al. (23) reported parthenocarpic fruit 
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development in the tomato. These workers found the response 
to gibberellin to be similar-to that of indole-3-acetic 
acid, but much lower concentrations of gibberellic acid 
were needed to obtain the effects. 
Other workers have attempted work related to parthen-
ocarpic seed development, but little has been reported. 
r. 
MATERIALS AND METHODS 
A study to determine the relative frequency of inter-
specific crossing between Johnsongrass and grain sorghum 
was conducted on the Oklahoma State University Agronomy 
Research Station, Blackwell lake area, in the summer of 
1959. A location was chosen that offered as near complete 
isolation as possible to insure freedom from pollen com1.ng 
from other sources. 
Planting seed of six cytoplasmic male sterile lines 
were obtained from six different research stations. These 
stations and the varieties supplied were: (1) Kansas State 
University----Redlan, Martin, and Westland; (2) Nebraska 
Agricultural Experiment Station----Combine Kafir-60; (3) 
Oklahoma State University--- ... nwarf Early Redlan, and Redlan; 
(4) Texas Agricultural Experiment Station, Chillicothe 
Substation----R6dlan, Martinj Combine Kafir-60, and Wheatland, 
(5) U. s. Southern Great Plains Field Station, Woodward, 
Oklahoma----Wheatland; and (6) T~xas Agricultural Experiment 
Station, Lubbuck Substation----Combine Kafir-60. 
A split-plot design was used for the study using four 
replications for each treatment. The male-sterile lines 
were the main treatments with the methods of pollination 
the sub-treatments. Johnsongrass was sprigged in 
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three rows 4·0 inches apart on each end of the area and 
between each replication. These rows ran the entire width 
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of the field. The grain sorghum was seeded in rows 40 inches 
apart running perpendicular to the Johnsongrass. Each plot 
included two rows 40 feet long. To allow for cultivation, 
20-foot allies were included on each sjde of the Johnson-
grass plots. 
The field was surrounded by trees on the north and 
south, Blackwell lake and trees on the east, and a hill 
on the west. The distances from other sorghum plots are 
shown in Figure 1. 
The Johnsongrass was sprigged on two dates, April 18, 
and May 14·. Also, two different sources of roots were used 
to insure plants free of disease. The Johnsongrass was 
sprigged early enough to allow for sufficient growth so 
an abundance of pollen would be available during the sorghum's 
blooming period. The Johnsongrass was cut back on two 
occasions as an added precaution to insure sufficient polleno 
In an adjoining field other 4·0-chromosome sorghum 
species to be used were seeded on June 2o These included 
SorghJd!!! almum, Perennial Sweet Sudan, Johnsongrass, and 
ISJ X Kansas 4,0-Chromosome Sudano Due to low germination, 
only a few plants from these species were obtained, therefore, 
pollen was scarce. 
The grain sorghum was planted on June 8 and three weeks 
later thinned to two plants per foot to allow for normal 
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Blackwell lake---~~~~~~~~< 
,Cf/ t-tife. 
Figure l. The sketch of Blackwell lake and surrounding 
areas illustrates the isolation of this study 
from other fields. Scale--4·inches equal 1 mile o 
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growth. Irrigation was not possible, however, it was not 
needed due to the favorable rainfall during the growing season. 
Paper ~ags were placed on the sorghum heads for protection 
'-
as soon as they emerged from the boot. The entire field 
was checked daily for pollen shedders. If a plant appeared 
to be a possible shedder it was removed from the field. 
Westland from Kansas was completely destroyed after anthers 
were checked and found to contain as high as 50% viable 
pollen. Only occasional shedders were found jn the other lines. 
The earliest male sterile lines initiated blooming on 
July 29, and the pollinations were begun. The various methods 
of pollination and other treatments used were: (1) remove bags 
for one complete day at full bloom; (2) remove bags for four 
complete days at full bloom; (3) remove bags for complete season; 
(4) leave bags on all season; (5) hand pollinate with Sa 
halepense at full bloom; (6) hand pollinate with ~o halepense 
four days after full bloom; (7) hand pollinate with Sorghum 
~1m.:91!! at full bloom; (8) hand pollinate with other 40-chromosome 
derivities at full bloom; (9) treat with gibberellic acid at 
boot stage; (10) treat with gibberellic acid at full bloom 
stage; and (11) treat with gibberellic acid at full bloom stage 
and hand pollinate with Se halepense 24 hours latero 
Three heads per plot were used for each of the first 
six treatments, but due to a lack of pollen, fewer heads 
were used for treatments seven and eighto Also due to a 
lack of time, labor and material, fewer heads were used for 
treatments nine, ten~ and eleven. 
The plots were harvested the first week of October. 
Each head was threshed separately by hand in an effort to 
obtain every seed. 
On January 6 a random sample of 132 seed was drawn 
from the 400 seed obtained and planted in the greenhouse 
for observation. The remaining seed were kept in storage 
for use in future morphological and cytological studies. 
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RESULTS AND DISCUSSION 
The field results of this study are presented in Tables 
I and II. Only 400 seed were obtained from all the treat-
ments, with a majority coming from those treatments requir-
ing open pollinations. Difficulties were experienced in 
obtaining sufficient pollen to make the hand pollinations. 
This could account for the reduced number of seed obtained 
from these treatments. 
It was noted that for treatment four, which consisted 
of not removjng the bag for the entire season, only three 
seed were obtained, obviously indicating a very low fre-
quency of selfing. However, despite the attempt to isolate 
this study, under open conditions as for treatments one, 
two, and three, sorghum pollen could have drifted into the 
area from other sources and pollinated some of the florets. 
The lower number of seed obtained from treatment three 
as compared to treatments one and two may have been the 
result of a slight webworm and sorghum midge infestation. 
The bags used in the experiment were Aldrin treated, which 
may have reduced the damage on treatments one and two. 
Another point noted in this problem was the apparent 
swelling or filling of a majority of the florets following 
the period of normal pollination. The florets remained 
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TABLE I 
TOTAL SEED OBTAINED PER TREATMENT FOR EACH 
MALE STERILE LINE 
Treatments 
ms line I II III IV V VI VII VIII 
Martin (Chill.) 2 6 8 0 1 1 0 0 
D. Red. ( Okla. ) 6 6 9 0 0 0 0 0 
Comb-60(Chill.) 17 2 1 0 l 0 0 0 
Martin (Kan. ) 11 7 5 0 2 0 0 0 
Wheat. (Wood. ) 10 11 5 0 1 0 0 0 
Wheat. (Chill.) 5 10 :!.6 0 0 0 0 0 
Redlan (Chill.) 7 16 5 3 0 0 0 0 
Comb-60(Lub. ) 9 29 3 0 0 0 0 0 
Comb-60(Neb. ) 8 35 0 0 7 0 0 0 
Redlan (Kan. ) 10 39 5 0 6 2 1 0 
Redlan (Okla. ) 2 53 7 0 2 0 0 0 
Total 87 214 61+ 3 20 3 l 0 
TABLE II 
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IX JCXI 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 1 
0 0 4, 
0 0 0 
0 0 0 
0 3 0 
0 3 5 
TOTAL SEED OBTAINED PER REPLICATION FOR EACH 
MALE STERILE LINE 
Re:g. 
ms line I II III IV Total 
Martin (Chill.) 7 5 2 4. 18 
D. Red.(Okla. ) 6 2 7 6 21 
Comb-60(Chill.) 13 3 3· 2 21 
Martin (Kan .. ) 5 9 5 6 25 
Wheat. (Wood. ) 12 6 3 6 27 
Wheat. (Chill.) 17 6 2 6 31 
Redlan (Chill.) 5 10 11 6 32 
Comb-60(Lub. ) 12 14· 7 12 4.5 
Comb-60(Neb. ) 18 5 9 18 50 
Redlan (Kan. ) 11 20 19 13 63 
Redlan (Okla. ) 16 17 19 15 67 
Total 122 97 87 94, 400 
---
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turgid for_appro!imately two weeks at which time they 
gradually collapsed. - This was- possibly a result of seed 
abortion due to endosperm breakdown~- as described by Cooper 
and Brink (5) in their work with LI£212ersicon pimpinelli-
forium. Other workers have suggested that Johnsongrass 
pollen stimulated the floret to start developing with or 
without fertilization. 
As shown in Tables I and II, only eight seed were ob-
tained from the use of gi.bberellic acid, indicating a very 
low frequency of seed development. 
Twelve seed of those obtained from each male sterile 
1:lne were dr>awn at random and planted in the greenhouse. 
From these 132 seed, 98 germinated and produced plants that 
grew to the heading stage. A morphological study of these 
plants was made using the following characteristics: (1) 
awned versus awnless; (2) white, dry midrib versus dull, 
juicy midrib; (3) rhizome development versus no rhizome 
development; and (4) fertility versus sterility. The 
original male sterile lines were awnless, non-rhizomatous, 
and had dull, juicy midribs. The Johnsongrass was awned, 
rhizomatous, and had white, dry midr>ibs. From these 98 
plants, three definite types were observed: (1) tall grassy 
plants with open heads, white midribs, rhizome development, 
awned, and sterile; (2) grain sorghum-type plants with closed 
head, dull midrib, no rhizome development, awnless, and 
fertile; and (3) grain sorghum-type plants with closed head, 
dull midrib, no rhizome development, awnless, and sterile. 
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TABLE III 
A SUMMARY OF MORPHOLOGICAL CHARACTERISTICS 
OF 98 F1 PLANTS 
---~ 
FEMALE Treat. Rlii-zome Fert- Midrib He-ad Days Ht. 
PARENT No. Express. ility Color Char. Bloom in. 
Mar-tin I ;.;* 82 34. (Chill.) I X X X 72 60 
I X X X 62 54. 
II 82 30 
II X X X 66 l+2 
II 82 4,0 
II 82 38 
II X 64, 28 
III 75 §l III 79 
III 82 29 
V X X X 62 45 
D.Red. (Okla.) I X X X 69 47 
I 80 30 
I X X X 75 1+7 
II 80 4.5 
II X ... X X 72 l+8 
II X X X 72 36 
III X 91 31 
III X X X 65 36 -
III 94. 18 
Comb-60 (Chillo) I 92 22 
I 85 39 
II 
-
76 22 
II 89 40 
II 
-
82 27 
II ... ... 
-
87 51 
V X .. X X ?3 4,3 
Martin 
(Kan.) I X X X 62 47 
I X X X 66 55 
I X ... X X 63 50 
II X X X 64 43 
II X X X 65 51 
II X X X 72 54. 
II X X X 66 50 
II X X X 64 4:0 
III X X X 82 58 
III 82 38 
III X X X 72 4,8 
V X X X 61 36 
Female Treat. Rhizome· 
Parent No. Express. 
--·. 
Wheat. I (Wood.) II X 
II X 
II X 
III X 
III 
V X 
Wheat. (Chill.) II 
II 
III X 
Redlan (Chill.) I 
I X 
I 
I 
II 
II 
II 
II X 
III 
III X 
III X 
Comb-60 (Lub.) I 
I 
I 
I 
II 
II 
II 
III 
III 
Comb-60 (Nebo) I 
I 
I 
I 
II 
II 
II 
II 
V 
V 
TABLE III 
CONTINUED 
Fert- Midrib 
ility Color 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
Head 
Char. 
--
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
18 
Days Ht. 
Bloom in. 
80 25 
67 4,4. 
66 4·1 
69 39 
66 58 
77 27 
65 4,6 
68 35 
90 26 
68 4.5 
65 4·1 
66 52 
85 31 
82 4,0 
85 27 
87 4,0 
82 31 
79 50 
82 32 
62 50 
69 46 
77 33 
82 27 
80 34 
82 34· 
86 25 
86 19 
91 35 
91 49 
83 31 
82 36 
75 28 
82 31 
82 34. 
80 36 
91 32 
68 4.4 
82 39 
84 35 
93 38 
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TABLE III 
CONTINUED 
-·-
Female Treat. Rhizome Fert ... Midrib Head Days Hto 
Parent No. Express. ility Color Char. Bloom in. 
Redlan (Kan.) I X X X 73 4,6 
I 80 40 
I 80 28 
II 80 22 
II 86 30 
II 86 36 
II 80 24· 
III 74 25 
III 82 35 
III 73 36 
Redlan (Okla.) I X X X 63 57 
II 86 34. 
II 94 22 
II 94 36 
III 84, 30 
III X X X 65 J5 III X X X 65 
V 85 30 
--
* 
X Indicates 
head. 
rhizomatous, fertile, white midrib, and open 
Indicates non-rhizomatous, 
closed head. 
sterile, dull midrib, and 
20 
Table III summarizes this study of morphological character-
istics. 
Thirty-five plants were observed that exhibited char-
acteristi.cs of §.. vulgare X §.. halepen~ hybrids. Each of 
these developed definite rhizomes, had white midribs, and were 
awned and sterile. The height ranged from 36 to 60 inches. 
The male sterile plants and Johnsongrass used as checks in 
the morphological study averaged 31 and 53 inches respectively. 
Chromosome counts were not made from these hybri.ds, but it 
is assumed they all contained 30 chromosomes. Both 30 and 
l+O-chromosome hybrids obtained by Hadley ( 10) from cyto-
plasmic male sterile lines were sterile; however, the 40-
chromosome types exhibited very limited rhizome development, 
while the 30-chromosoms types had rhizome development, in 
many cases equal to or exceeding that of Johnsongrass. The 
hybrids obtained from this study developed very vigorous 
rhizomes. Figures 2, 3, and 4 illustrate the characteristics 
of those plants. 
Six plants obtai.ned were awnless, non-rhizomatous, 
had dull, juicy midribs and were fertile. The plants ranged 
in height from 28 to 44. inches, had closed, compact heads, 
and exhibited characteristics very similar to their male 
sterile parents. Since fertility was restored in these 
plants, evidently restorer genes were involved, therefore it 
is assumed pollen came from some other source. 
The remaini.ng 57 plants exhibited the same character-
21 
istics as the six plants mentioned above with the exception 
that they were sterjle. The height of these plants ranged 
from 18 to 51 inches. Basjng an assumption on Hadley's 
(10) work, there is the possibility that these are 4·0-chrom-
osome S. vulgars X .§. halepense hybrids; however, it is more 
probable that they are a result of either selfing or crossing 
with some "B" line of S. vulgare. Since the exact nature of 
the cytoplasmic male sterility in sorghum has not been com-
pletely determined, it is not possible to definitely decide 
what type of gene action occurred to obtain these plants. 
Another point noted in Table IV was the proportion 
of Johnsongrass-type plants to sorghum-type plants among 
the male sterile li.nes. From the plants studied of Combine 
Kafir-60 from all three sources, only one Johnsongrass-
type plant was obtai.ned, whereas from the 24· plants of 
Martin studied, 15 exhibited Johnsongrass characteristics. 
However, from small numbers such as these, there is a much 
greater possibility for error i.n sampling. 
If the number of Johnsongrass-type plants is projected 
to the total number of seed obtained as in Table IV, a total 
of 116 such plants could be expected. Although this con-
sti.tutes a very low percentage, considering the total number 
of florets that were exposed to Johnsongrass pollen, never-
theless it represents a number suffi.cient in size to be of 
great concern to plant breeders. Each of these 116 plants 
is a potential perennial weed threat due to its vigorous 
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TABLE IV 
TOTAL NUMBER OF JOHNSONGRASS-TYPE PLANTS 
EXPECTED FROM 400 SEED OBTAINED 
... _ .. ··- ·-. 
Total Number Mature Johnson- Number 
Seed Seed Plants Grass Expected 
ms line Obtained Planted Obtained Types From Total 
Comb-60 (Lub.) 4.5 12 9 0 0 
Cornb-60 (Neb.) 50 12 10 0 0 
Conib;;.60 
(Chill.) 21 12 7 l 3 
Martin (Chi 11.) 18 12 12 4, 6 
Redlan (Kan.) 63 12 10 l 6 
Wheat. 
(Chill.) 31 12 3 l 10 
Redlan (Chill.) 32 12 11 4 12 
D. -Redlan 
(Okla.) 21 12 9 5 12 
Wheat. (Wood.) 27 12 7 19 
Martin (Kan.) 25 12 12 11 23 
Redlan (Okla.) 67 12 8 3 25 
Total 4,00 132 98 35 116 
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rhizomes as illustrated in Figure 4. If Johnsongrass ~ere 
available as a pollen parent they could also be a source of 
troublesome seedlings. 
Cytological examinations to determine the chromosome 
numbers of these hybrids were not made. The material could 
not be collected in time for these examinations, but future 
studies will be made on th:i.s material to determine chromosome 
numbers. 
24, 
Figure 2. Relative size of F1 hybrid as compared to both 
parentse A. the male sterile line. B. F1 hybrid. 
Co Johnsongrass. 
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C 
Figure 3. Head development typical of F1 hybrid and its 
parents. A. Johnsongrass heado B. F1 hybrid 
head. C. Sorghum male sterile head. 
Figure 4. Typicai rhizome development of the Fi hybrid. 
A. Sorghum plant. B. F1 hybrid. C. Johnsongrass. 
JU 
°' 
SUMMARY AND CONCLUSIONS 
The frequency of interspecific crossing between 
So.r.ghum .Y]d].gare and Sorghum halepen.§..§. was studj_ed on the 
Oklahoma Agronomy Research Station, Blackwell lake area, 
in 1959. Sj_x male sterile lines of §.., vulgar:€! were pol-
linated with §.i !1.§.lepense by several different methods in 
an attempt to study this frequencyc 
Statisti.cal tests were not made due to the low number 
of seed obtained. However, there appeared to be consider-
able variation among varieties in regard to seed seto 
A total of 400 seed was obtained from which 132 were 
drawn and planted in the greenhouse for a study of morpho-
logical characteristics. From the 98 plants that reached 
anthesis, 35 exhibited definite Johnsongrass characteristics. 
By projecting thj_s to the total number of seed harvested, 
approximately 116 S. vulg§.!'..Q X §.. halepense hybri.ds could 
be expected. Combine Kafir-60 appeared to be least suscept-
ible to crossing with only one Johnsongrass-type plant being 
observedo 
The Johnsongrass-type plants observed exhibited very 
vigorous rhizomB develop~Bnt. Although no information has 
been obtained as to the winterhardiness of these hybrids, 
these rhizomes appeared to be vi.gorous eno_ugh to withstand 
27 
considerable cold temperatureso If Johnsongrass is avail-
able as a pollen parent, these plants represent additional 
threats as a source of troublesome seedlings. 
28 
Since there is evidence these crosses do occur in high 
enough frequency to yield several hybrids per acre, extreme 
caution should be taken by the producers of hybrid seed to 
insure freedom from contaminationo 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
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